The coupled cluster method covering single and double electron excitations iteratively and triple electron excitations non-iteratively (CCSD(T)) provides highly accurate energies, geometries and various properties for molecular clusters and complex molecular systems. In our laboratory, we consistently use the CCSD(T) method extrapolated to complete basis set limit (CBS) and during the past several years we have collected data for several hundreds of molecular complexes and complex molecular systems (mostly peptides). These calculations are, however, time consuming and for systems with more than about 50 atoms are still impractical. This is due to the fact that the method scales as N 7 where N is the number of basis functions. To attain similar accuracy for extended systems requires the use of new techniques,
which should be parametrized and are thus, strictly speaking, not from the ab initio family.
Recently many new promising methods with improved efficiency and/or accuracy have been introduced, however, in order for these methods to be used correctly it is necessary to properly characterize their strengths and limitations. Each method should thus be parameterized and/or tested against reliable benchmarks, either from experiment or from accurate high-level ab initio calculations. In this paper, we shall consider the latter case. Although experiments can potentially be extremely accurate and guarantee an unquestionable description of reality, the use of such data is still limited. On the other hand comparing one type of calculation to another has many advantages. Firstly, we can directly compare the variables our method yields -namely the energy of a molecule or molecular complexnot a derived property that can be measured experimentally. The comparison can be based on the same molecular geometry, which makes the comparison simple and well-defined, or we can compare energies of the geometric minima obtained by the respective method. Finally, we can prepare a customized set of structures that represent a more complex problem we intend to study with the tested method to prepare a more accurate, but specialized method.
The CCSD(T)/CBS interaction energies, which represent benchmark data, were obtained as MP2/CBS interaction energies corrected with the difference between MP2 and CCSD(T) interaction energies (so called CCSD(T) correction term) calculated using a smaller basis set 1 . Although this strategy is not as computationally demanding as the original CCSD(T)/CBS method, the calculations involved are still very expensive and we realized that they can also be of use for other scientists working in the development and parametrization of new fast computational procedures.
Based on our experience with high-level calculations involving biomacromolecules and their building blocks, we have prepared several sets of benchmark data. The first of these datasets, dubbed S22 1 , consists of 22 molecular complexes covering both hydrogen bonds, dispersion interaction and their combinations in a balanced way. The study of complexes was further extended to more biomolecules contained in the JSCH-2005 dataset 1 . Recently, the S22 set was extended as S26 to emphasize the hydrogen bonded complexes 2 . We have also covered the phenomena of halogen bonding 3 . Aside from noncovalent complexes, we have studied conformers of small peptides [4] [5] [6] at the same level of theory. This list is not final; we are working on more systematic high-level studies. All these results were published along with the molecular structures.
The reference data published in the above mentioned publications have since been extensively used as benchmarks. In particular, they have been used in methodology development by us 7 and many others [8] [9] [10] [11] [12] and to validate or assess the newly developed methods . It is of special interest that a very wide variety of computational methods have been tested on a single set (S22), which allows for their direct comparison. The methods tested range from the pure DFT methods 9,13,14 through the combination of the DFT theory with empirical dispersion (DFT-D) 15-17 , hybrid and double hybrid DFT [18] [19] [20] , DFT with fully non-local correlation 21, 22 , spin component scaled methods in MP2 [23] [24] [25] and CCSD 26 , r12 methods 27 , semiempirical methods 8 to quantum Monte Carlo 28 , symmetry adapted perturbation theory (SAPT) 29 and others [30] [31] [32] [33] . Accurate interaction energies and geometries have also been useful as references in various applications 34 from biomolecules to nano-chemistry 34k,34l and, in the case of the peptides database, both for experimentalists 35 and theoreticians 36 .
To make the work with the benchmark energies and geometries easier, we decided to collect all our data in a database and make it accessible on the internet. We have launched a website www.begdb.com (Benchmark Energy and Geometry DataBase) for easy access to the database, where anyone can browse, search and download the data, including the high-quality geometries used for their calculation (for screenshots, see Figs 1-3) . Currently, the database contains only results from our laboratory, but we plan to open it to the other authors in the near future.
FEATURES
For convenience, the data are organized in datasets originating from the respective publications. This grouping is logical, putting together only directly comparable results. The basic view on the data is a table featuring all the methods evaluated in the study (Fig. 1) . Users can sort the table in different ways and remove columns or download the whole table for later processing in a spreadsheet application. For each structure, all the necessary details are provided and the geometry can be downloaded in .xyz format. In addition, the structure can be viewed online using the Jmol 37 java applet embedded into the webpage.
Selected methods can also be compared visually in a graph, plotting energies for all the structure in the dataset (Fig. 2) .
If the user is interested in a particular compound, the quick search feature can be used to search the database for its name.
The advanced search function allows one to enter more complicated search expressions to obtain specific information across the datasets (Fig. 3) . Search results are browsed in the same manner as the datasets, including download of the table and plotting. To make the search function more powerful, the structures are tagged with keywords. The autocomplete function in the search form provides list of all possible keywords. Using these tags, it is possible to look for specific structures, for example list all peptides containing H-bonds, complexes containing nucleic acid bases etc. Apart from the keywords, the molecules can be searched by the methods used for calculation, the energy value and more. The advanced search function can be used to do very specific analysis of the results presented in the database; an example is given in the following text.
IMPLEMENTATION
The web-based interface to the database can be found at www.begdb.com. It is written in PHP programming language 38 and uses Javascript and AJAX to implement advanced components of the user interface. The data themselves are stored in a MySQL database 39 . Both the website and the database run on a dedicated server. The first example covers usage of the database for assessment of the performance of a newly developed method for calculation of interaction energies. Our method is rather expensive, so the testing set should be reasonably small, but well balanced. The S22 database 1 is a good starting point. We would also like to include the four extra complexes featuring single hydrogen bonds 2 that complement S22 set forming the set named S26. In the list of datasets at www.begdb.com, we see that these structures are divided into two sets: S22 and S26 extras. To work with S26 more conveniently, we can use the Advanced search to join the datasets, using OR operator in the search expression (also in Fig. 3) :
As a result, we obtain the combined S26 dataset in one table, and we can download this table in a .csv format that can be opened in any spreadsheet editor. The other file we are going to download is the archive of geometries of the complexes. On these geometries, we then run calculations using the tested method, and then compare the results against the CCSD(T)/CBS benchmark values from the database. In the second example, we would like to show the advanced capabilities of the database. We will use the Advanced search to evaluate the performance of the SCC-DFTB-D 40 (self-consistent charges density functional tight binding improved by empirical dispersion correction) method when it is applied to study of small peptides. The CCSD(T)/CBS data will serve as a benchmark. Energies of conformers of the peptides are made relative to the average energy in each method and molecule. We know that the SCC-DFTB-D method often underestimates hydrogen bonds that can be important for stabilization of the structure of a peptide (expressed as a relative energy of the conformer). We will operate on the Peptides dataset (which lists relative energies -what must be specified in the search), and we will specifically select structures of GFA tripeptide with zero, one and two H-bonds. It is possible because information on the H-bonds is provided as tags for each structure. The results can be viewed in a form of plots or downloaded for further processing.
To list all peptides without hydrogen bonds, we will use following expression in Advanced search:
The operator "LIKE" is used for loose and case-insensitive comparison of text, looking for tags containing the desired substring. Analogically, we can search for structures containing one (see example) or more H-bonds: 
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CONCLUSIONS
• The BEGDB database allows easy access to high-quality molecular geometries and benchmark CCSD(T)/CBS calculations on them. Other methods are also added for comparison.
• The results are organized in logical datasets according to their nature and source.
• The database will be open to other authors in future.
• The interface allows simple browsing of the results as well as advanced search functions applicable across the datasets.
• 
